Abstract-In this paper cloaking of a cubic metallic object by plasmonic cover is investigated and numerically analyzed. Cloaking of PEC objects by plasmonic covers, especially plasmonic shells, has been recently investigated [1] , and promising results have been produced. Most of these work concern with cloaking of sub-wavelength PEC spheres. Cloaking using plasmonic material was first theoretically investigated in reference [2] and [3] . Cloaking of electrically large objects has also been reported [4] .
INTRODUCTION
Cloaking of objects using artificial electromagnetic materials, also known as matamaterials, has been investigated by several authors over last few years.
There are basically three ways of cloaking an object; first to absorb the radar signal, second to cancel out the radar signature of the object, and third one is to guide the radar waves around the object.
Cancelation of field generated by the target can be achieved by two means; first having a cloak with polarizability equal and opposite to the target; second to a permittivity and permeability profile which will result in anomalous resonance (when field approaches infinity in presence of finite polarization of target) in either the cloak or its vicinity, in such a case, the only possible electromagnetic solution is having the target polarization equal to zero, cloaking by anomalous resonance require spacialy varying non isotropic constitutive parameters.
Cloaking by cancellation of target polarization using plasmonic metamaterials has been investigated theoretically by Engheta [2] and Sihvola [3] . In the above mentioned paper, Engheta presented a mathematical model of such a cloak. Later the same author extended the concept to collection of partials [4] .
Extension of these studies on plasmonic cloaks is subject of this paper. Cloaking by simply having a cloaking shell with polarizablity equal and opposite to the target is easy, however this can only achieved for subwavelength object.
The idea is, that field generated by an object can be decomposed into spherical harmonics, when one solves Maxwell's equation using spherical coordinates. Lowest order spherical harmonic represent electric and magnetic dipole terms, whereas higher order terms represent multipole terms. For subwavelength objects, multipole terms are negligible, and scattered field primarily consists of electric and magnetic dipole terms, with electric dipole being dominant. This means that subwavelength metallic object behave in similar way independent of their exact geometry. The only important parameters are their dimensions and material properties. For a given material, this means that a cloak can be designed which will cloak a verity of geometrical shapes, as long as the dimensions are roughly the same. In the discussion below cloaking a metallic cube is investigated.
The object investigated here is an aluminium cube, while the cloak is spherical plasmonic shell. Monostatic and Bistatic RCS are calculated using Ansoft HFSS, and compared to that of uncloaked cube. The reduction of RCS is also compared to the case of metallic sphere, the structure investigated in [1] .The operating frequency is selected to be 1.2 GHz.
Simulation results as good as that for cloaked metallic sphere investigated by Engheta [1] , are obtained for the metallic cube, implying that for monostatic case the object geometry is not very critical. The cloaked structure is also investigated in presence of losses in the plasmonic shell. In case of losses the performance degrades slightly, however the reduction in RCS is still sufficient for potential practical applications.
SIMULATIONS AND RESULTS
In our study, an aluminium cube is enclosed in a plasmonic shell (relative permittivity 0.1, relative permeability 5.1) with outer radius of 57.5 mm and inner radius of 50 mm. Dimensions of the cube are chosen such that it would fit in the shell. The structure is simulated using Ansoft HFSS.
For shell plasmonic material, simulation was performed using two different parameters for losses. In first case dielectric loss tangent was 0.015 and magnetic loss tangent was nil, in second case a magnetic loss tangent of 0.01 was added to the model. Results, with structures and detail of constitutive parameters of shell are given below. The simulation was then repeated with vector k having theta and phi of 45 whereas E having theta of 45 and phi −45. The purpose was to simulate the structure for oblique incidence. The results are shown below. Now it can be seen from Fig. 5 and Fig. 6 that even in case of oblique incidence, reduction in Monostatic RCS is 99.8%. Furthermore, a dielectric loss tangent of 0.015 and magnetic loss tangent of 0.01 is also included in the model.
However repeating the experiment with cubical cloaking shell didn't given any reduction in RCS.
CONCLUSION
From the results above, it can be seen that for objects which are small compared to the operating wavelength, and hence can be modelled as superposition of electrical and magnetic dipole good cloaking can be achieved using hallow shell of magnetic plasmonic material. It is further evident that the geometry of the cloaked object is of little consequence, as long as the dimensions remain roughly the same, the reason being that in case of these small objects the only important parameters are electrical and magnetic dipole moment, which only depends on the dominant dimension in case of conducting objects.
